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® Competitive homogeneous Assay. 



® Methods and compositions for performing assays for target polynucleotide strands Include contacting a 
sample wtth a reagent which Includes a first and a second polynu6leotide probe. The first and second probes 
are capable of assuming a first position wherein the probes are bound to each other and a second position 
wherein tte probes are bound to a target The probes include label moieties capable of Interacting to produce a 
signal indicative of the probes being in one of the two poations. 
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COMPETmVE HOMOGENEOUS ASSAY 



BACKGHOUND OF THE INVENTION 

The pwesent inventJon pertains to methods, reagents, composftions, kits, and fnstniments for use in the 

s detection and the quantitative analysis of target molecules. In particular, the present invention relates to 
methods, reagente, compositions, and kits for performing de<»<yribonucleic add (DNA) or ribonucleic add - 
(RNA) hytjrfdizaaon asrays. 

The following definitons are provided to fadlltate an understanding of the present invention. The term 
"biological binding pair" as used in the present appllcatfon refers to any pair of molecutes which exhibit 

TO mutual affinity or birK«ng capadty. For the purjx»es of the present application, the term "llgand" will refer 
to one molecule of the biological binding pair, and the term "antillgand" or 'receptor" will refer to the 
opposite molecule of the biolc^ical binding pair. For example, without limitation, embodiments of the 
present invention have application in nucleic add hybridlzaflon assays where the Wologlcal binding pair 
indudes two comptanenlary strands of polynucteic add. One of the strands Is de^gnated the ligand and 

TS the other strand is designrted the artflligand. However, the biological binding pair may include anitigens and 
antibodies, drugs and dn^ rec^jtor sites, and enzymes and enzyme SiAstrates to name a few. 

The term "pnsbe" refers to a ligand of known qualities capable of selectiwely binding to a target ligand. 
As applied to nudeic adds, the term "probe' r^ets to a strand of nudeic add having a base se<pienc» 
complementary to a target strand. 

ao The term "label" refws to a motecolar moiety capable of detection including, by way of example, 
without limitation, radioactive isotopes; enzymes; luminescent or predpitating agents; and dyes. The term 
"agent" is used in a broad sense, including any molecu^ moiety which partidpates in reactions which lead 
to a detectable response. The term "cofactor" is used broadly to indude any moleoilar moiety which 
partidpates in rBa:tions with the agent 

25 Genetic information is stored in living cells in ttiread-like molecules Of DNA. In vivo, the DNA molecule 
is a double helix, each strand of which is a chain of nucleotides. Each nucleotide Is characterized by one. of 
four bases: adenine (A), guanine (Q), thymine fH. and cytosine (C). The bases are ct»nplementery in the 
sense that, due to tiie orientation of fimdional groups, certain base pairs attract and bond to each other 
ttirough hydrogen bonding. Adenine in one sti^nd of Dl^ pairs witti ttiymine in an opposing compfemen- 

30 tary strand. Guanine In one strarHl of DNA pairs with cytoa'ne In an op|X3Slng complementary strand, in 
RNA, the ttiymine ba» is replaced by uracil (U) which pare with adenine in an opposing complementary 
strand. 

The genetic code of a Rving organism is carried upon ttie DNA strand in the sequence of base pairs. 
DNA consists of covslantty .linked Chans of deoxyribonudeotidss and RNA con^.sts of cov3!s.Tt!y L'nksd 

35 cha'ns of ribonucteotidss. 

Each nucleic add is linked by a pho^rfwdiester bridge betwew Oie 5'-hydroxyl groiip of the sugar of 
one nudeotide and the 3'4iydroxyI group of tiw st^ of an adjacent nudeotide. Each linear strand of 
natar^ occum'ng DHA or RNA. has one fenninal end having a free 6'-hydroxyl group and arather terminal 
end having a 3'4iydroxyl group. The terminal ends of polynudeoBdes are often referred to as being 5'- 

40 temiini or 3'-termini in reference to the respective free hydracy! group. hJatuially (Kcurring jxrtynucleolMes 
may have a phosjrtiate group at the 5'-termlnus. Complementary strands of DNA and RNA form antipaaltel 
complexes in which tiie S'-temiinal end of one strand is oriented and bound to the 5'-terminal end of the 
opposing strand. 

Nucleic add hybridization assays are based on the tendency of two nudeic add strands to pair at tireir 
45 OMTiplementary regions. Presentiy, nucleic at*l hybrtdlzatton assays are primarily used to detect and 
identity unique DNA or RNA base sequences or spedfic genes in a complete DNA molecule, in mijdures of 
nucleic add. or in mixtures of nucleic add fragments. 

The identification of unique DNA or RNA «]uenc8s or spedfic genes witftln ttie total DNA or HNA 
exb-acted from tissue or culture samples, may Indicate tiie presence of physiological or pathological 
50 conditions. In particular, ttie identification of unique DNA or RNA sequences or spedfie genes, wittn the 
total DNA or RNA extracted fi-om human or animal tissue, may indicate the presence of genetic diseases or 
conditions such as sickle anemia, tissue compatibility, carrcer and precancerous mes, or bacterial or viral 
Infections. TTie identification of unique DNA or RNA sequences w spaafic genes wittiin Bie tirtal DNA or 
RNA extracted firom bacterial cultures may lndl«o the pesence of antibiotic rs^mem, tOMcante, viral or 
plasmid bonn conditions, or provide l6mSnc2Sksn betwwi tnm of bacteria 
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Thus, nucteic add hybridization assays have great potential in the diagnosis and detection of disease. 
Further potential exists in agriculture and food processing where nucleic add hylwidization assays may be 
used to detect plant pathogenesis or toxicant produdng bacteria. 

One of the mcst widely used polynucleotide hybridization assay proceAjres is known as the Southern 
5 Wot filter hybrtdizati<m method or simply, the Sojthem procedure (Southern, E., iflflL fiiiZL 98. 503, 1975). 
The Southern procedure Is used to identify terget DNA or RNA sequences. The procedure is generally 
can-ied out by subjecting sample RNA or DNA isolated from an organism, potentially cantying the target 
sequence of interest, to resWcton endonuclease digaston to form DNA fragments. TTie sample DNA 
fragments are then ela*rophore^ on a gel such as agarose or polyacrylamide to sort the sample 
10 fragments by tength. Each group of fragments can be tested for the presence of the target sequence. The 
DNA is denatured inside the gel to en^e transfer to nitrocellulose sheets. The gel containing the sample 
DNA fragments is placed in contact (blotted) with nitrocellulose filter sheets or dlazotlzed paper to which the 
DNA fragments transfer and ba»me bcsjnd or immobilized. The nitrocellulose sheet containing the sample 
DNA fragments is then heated to approximately B5'C to immobilize the DNA. The nitrocellulose sheet is 
IS then treated wttti a solution containing a denatured (sjngle-strand«l) radlo-lateled DNA probe. The radio- 
labeled probe includes a strand of DNA having a ba» sequence complementary to ttw target sequence 
and having a radioactive moiety which can be detected. 

Hybridization between the and sample DNA fi^gments is allowed to take place. During the 
hybridization process, the immobilized sample DNA is allowed to recombine with the labeled DNA probe 
20 and again form double-branded structures. 

The hybridization process is very specific. The labeled probe will not combine with sample DNA if the 
two DNA entities do not share substantial complementary base pair organization. Hybridization can take 
from 3 to 48 hours, d^)«Kfing on given conditions. 

Unhybridized DNA probe is subsequently washed away. The nKroceilubse sheet Is then placed on a 
2S sheet of X-ray film and allowed to expose. The X-ray film is developed with the exposed areas of the film 
identifying DNA fragments which have hybridized to the DNA probe and therefore have the base pair 
so^uence of interest. 

The use of nucleic add hybridization assays has tmn hampered in part to rather long exposure times 
to visualize bands on X-ray film. A typteal Southern procedure may require one to seven days for exposure. 

00 Further, many of the present technk^ues require radioactive isotopes as labeling agents. The use of 
radioactive labeling agents requires spedal laboratory procedures and Ifcenses. 

The above problems assodated with assays Involving radio-isotopic labels have led to the devek>pment 
of immunoassay techniques emptoying nonisott^c labels such as luminescent molecules. See, generally, 
Sm^ et al., ^ gja, Biochem ^: 253-74 (I9B0. Luminescent labels emit light upon exdtation by an 

35 external energy source and may bo grouped into categories dependent upon the source of the exciting 
energy, induding: radtoluminescant labels deriving energy from high energy partteles; chemiluminescent 
labels which obtain energy from chemical reactions; bloluminescent labels wherein the exciting energy Is 
supplied in a biolc^lcal system; and photoluminescent or fluorescwt labels which are exciiabie by units d 
electromagnetic radiafion (photons) of infrared, visible, or ultraviolet light Jd- at 255. 

« Luminescent assay techniques employing labels excitable by nonradioactive energy sources avdd the 
health hazards and licensing f^oblems encountered with radio Isotqiic label assay technicpjes. Addilionaily, 
the use of luminescent labels allows fw the development of "homogeneous" a^y techniques wherein the 
labeled probe emptoyed exhibits different luminescent characteristics when associated with an assay 
reagent than when unassod^, obviating the need for separation of the associated and unassodated 

4S labeled probe, Nonradtoactive nucleic add type assays, utillang predpitating, enzymatic, luminescent label 
moieties, have not conveyed the sensitivity or the sf^^dty to assay procedures necessary to be 
considered reliable. 

In luminescent assays, the presence of proteins and other molecules in tuological samples may cause 
the scattering of the exciting light ("Raleigh scattering") resulting in interference with tiiose luminescent 

50 labels which emit light at wavelengths within about 50 nm of the wavelength o( the exdting light The 
endogenous compounds may also scatter the exciting light at a tonger wavelength characteristic of the 
scattering molecules ("Raman scattering"), or may absorb light in the spectnim of emission of the 
luminescent label, resulting In a quenching of the luminescent probe. 

Attempts to improve the sensitivity of heterogeneous luminescent assays have Included the develop- 

55 ment of so-called "time resolved" assays. See, Soni st al., fflin. Chem. 29/1. 65-68 (I9B3); U.S. Patent No. 
4,176,007. Time resolved assays generally involve employing luminescent labels having emissive lifetimes 
significantly different from (usually much longer than) tiie 1-20 nsec emissive lifetime of tiie natural 
fluoTisierwe of materials present in tins sample. The assay association step Is perfomned and ttie separated 
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associated or unassodated labeled material is excited by a series of energy fwlses provided by a xeron 
flash tube or other pulsed energy source. Lumlnescsrrt emission of the label resulting from each pulse is 
measured at a time greato- ftan the time of the natwal fiuofBSWK» of background materia in the sample. 
Interference from the background scattering and short-Ttved sample fluorescence is thus eliminated from the 

5 measurwj lumfi»s:enoe. 

Present tediniques which require the ^aralion or immottlization of the probe or sample DfW, 
heterogeneous ass^, may interfere with the operatton of nonradioactive assays. Emissions of luminescent 
label moiefies may be quenched by solid supports. Supjwfing material may be a source of badtground 
fluorescence or may reflect or scatter light emissions thereby interfering with the as^y. TTie time required 

TO for the step of hyWdlzation is increased when the complementary strands of DNA ai« not totally free to 
orientate due to immobilization of one of the pair of strands in a complementoy pairing relationship. 
Nonqjedfic binding of the labeled probe to the solid support may decrease the accura:y of the assay. 



'S SUMMARY OF THE IIWHfflON 

It is an object of the present Invention to provide methods, reagents, compositions, kits, and in- 
strumentatkjn fw performing assays for target polynucleotide strands of interest Other objects will be 
presented hereinafter. 

JO Briefly, an embodiment of the present invention includes a mettod for assaying a sample for target 
molecules which are members of a Uotogical binding pair. The method includes contacfing a sample with 
reagent undw binding conditions whwein the reagent includes a probe member including a probe ligand 
and a probe antiHgand. The probe ligand and probe anttligand are capable of assuming a first bound 
position to each other and at least one of the prot» members is capable of asajming a second bcmnd 

K posifon to the target molecule. The probe members include a first label moiety positioned on the probe 
ligand and a second label moiety positioned on the probe antiligand. The first and second label moiety are 
capable of interacting when the probe ligand and antiligand are in the first bourel position to prodiK» a 
signal capable of detection which is characteristic of the reagent ligand and antiligand In one of the two 
positions. The sample is monitored for tile presence of the signal which is related to the (wssence-of ttie 

30 target molecula, 

A further embodment of the presort invention includes a method for asraying a sample for target 
polynucleotide strands. The method includes contacting a sample witii reagent under binding conditiwis 
wherein tiie reagent Includes a first potynudoiBde probe and a second poIynucWde probe. The first and 
second probes are capable of assuming a position wherein the probes are bound to each ottier and at least 

35 one of the probes is capable of assuming a second position virherein tiie probe is bound to ttie target 
polynucleotide strand. The first and second prt*es include a first label moiety positioned wi one of tt» 
probes and a second label moiety positkmed cm the oppo^te probe. The first and wcond ^1 mdettes are 
capable of interacting whai tiie first and second pwAes are bound to each ottier to produce a signal 
capable of detection, characteristic of the reagent strands being in one of ttie two positions. The sanple 

40 contacted witti ttie reagent is monitored for ttw si^, ttie presence of which Is related to tiw f^esence of 
target polynudeoflde stiands in ttie sample. The present metiiod allows a pdynucleotide sample to be 
assayed wittiout ttie need for immobilizab'OT st^ and wittiout radioactive labeling tw^hniques. 

Preferably, st least one ld»l mdety Is located at ttie 3'-tenninus of one of ttie probes and ttie second 
label moiety is located at ttie 5'-termlnus of ttie oppo^ probe. A plurality of label mdetos can be used for 

« each probe, jxefm^ly two-mie at ea* termiiB. For example, a first label moiety may be associated witti 
ttie first probe at a 3'-position and a second label moiety assodated witii ttie 5'-fMsitfon. A saamd probe 
having a similar label moiety organization, a first label mcM'ety in tiio 3'-potftfon, and a second label moiety 
in ttie 5'-positiOT, will hybridize to ttie first probe sudi ttiat ttie first and second latiel moieties of opposite 
probes are in dose proximity and can interact 

50 An embodiment of ttie method of the present invention includes ttie additional steps of preparir^ 
probes by splidng polynucleotide segments having base sequences substantially identical to ttie target 
sequences Into ampliiication means to form multiple copies of the reagent polynucleoide ragmwits. 
Preferably, ttie amplification means indude a high copy number plasmld or phage which, when incorporated 
into bacteria, is reproduced. The polynudeoSde segments having sequences substantially identical to ttie 

65 target sequences are isolated from cellular constituents, and urKtesirable bacteria, plasmid, or phage DMA, 
and are subjected to restiiction digestion to fomi segments. The segments me tiien available tor Ha 
addition of label moieties to fomi prtAes. 
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Additionally, each plasmid or phage-derived section can be subjected to turther restriction enzymes to 
produce a multilude of subsections to which label moieties can be attached en masse. Each subsection 
would be capable of hybridizing to a representative portion of the target strand. A multitude of reagent 
probes from plasmid or phage sources would provide greater signal generating capabilities and would 
5 provide probes efficiently and relatively inexpensively. 

A further embodiment of the present Irtventiwi includes methods for nonradioactive labeling of the 3'- 
terminus of a DNA strand and the resultant compositiOTis. A resultant compo^ton includes a DNA strand 
having an amlnoaikyl derivative of a nucleic acid. The amino group of the nucleic acid can be reacted with 
amine reactive label moieties. Preferably, the aminoalltyl doivaUve includes an aliphatic primary amino 
10 group. More parflculariy, a preferred aminoalkyi derivative indudss a ribonucleic acid derivative such as an 
aminohexylaminoadeiKine triphosphate which can be attached to the reagent strand by means of the 
enzyme terminal deoxynucl«)fdyl transferase (TdT). 

Temiinal transferase will add one or two ribonucleic acid derivatives to the terminal end of a single- 
stranded DIMA obviating problems inherent in tails of tiie deoxy-darivatlve which must be sized to 
75 standardize signal strength and which may contribute to steric effects. Ijbels on talis may no longer 
pcmess proper ^aadai relationship ftx energy transfer or collisional interaction. However, tails are good if 
the label moieties on the tails are "silent." e.g., multiple quenchers result in greater quwiching activity due 
to the greater local concentration of quendwrs, yet do not result In Inaeased bacl<ground If the quencher is 
nonfiuorescent 

20 A further embodiment of the present invention includes a kit for performing assays for target molecules 
which are part of a biological binding pair. In the case where the target molecule is a segment of nucleic 
add having a specific base sequence, the kit Includes reagent which Includes a first polynucleotide probe 
and a second polynucleotide probe. Tfie first and second probes are capable of assuming a first position 
wherein the first and second probes are bound to each other under binding conditions and at least one of 
as the probes Is capable of assuming a second positidn wherein the probe is bound to the target The first and 
secwid protes have at least one label moiety associated with one of the probes and a second label moiety 
assoCTBted with the opposite probe. The first and second label moietes are capable of interacting, v»hen the 
first and second prot»s are in the first position, to produce a signal capable of detection which is 
charK^teristic of the probes being In one of the two positions. 

30 An embodiment of the present invention further Includes an instrument for performing assays in 
accordance with the present method. In the situation where the target is a polynucleotide segment the 
instrument includes a reaction chamber adapted for receiving reagent and target in a substantially mixed 
homogeneous state. The reagent includes a first polynucleotide fxobe and a ssami polynucleotide probe. 
The first and second probes are capable of assuming a first position wherein the first and second probes 

35 are bound to each other under binding conditions and at least one of the probes is capable of assuming a 
second position wherein at least one of the probes is l»und to the target. The first and second probes have 
at least one label moiety assodated with one of the probes and a second label moiety assodated with the 
opposite probe. Tfis first and s«a:nd label moieties are capable of InieraeiinQ, when the first and second 
probes are in the first position, to produce a signal capable of detMfion which is characteristic of one of the 

40 two positions. The instrument ftjrther Includes aiHabls detection means for detecting the signal, such as a 
photomultiplier tube in the case of luminescent agents. 

Embodiments of the present Instrument adapted for use with fluorescent assays Include suitable label 
excitafion means, Including lasers or llght-emltling a^embiies with fiHere to define appropriate wavelengths 
or injection af^xmbiS for injecting cofactors in the case of chemiluminescent or enzymatfc agents. 

4B A preferred instmment would IrKrfude time resolved controls to pulse light Into tte reaction chamber and 
selrcflvely read fluorescent emissions resulting from energy transfer to reduce background fluorescence. 

Turning now to the drawings, which by way of illustration depict prefen-ed embodiments of the present 
invention, and in particular Rgure I, a method of procedure, with necessary reagent compositions, is 
illustrated in schematic form for an assay for a target polynucleotide strand, in conventional assay 

50 techniques, more than one target strand and more than one probe strand would be used to perform an 
assay; however, for simplicity, to further an understanding of the invention, the illustration depicts only a 
single reagent segment and a single target segment 

Rgure I depicts first and second polynucleotide strand probes (PI and P2, fsspectively) in a hybridized 
or mutually-bound first position. Also Illustrated Is a duplex DNA segment comprised of two complementary 

S5 terget strands of interest fTl and T2, respectively). The first probe (Pt) includes two label moieties, (A! and 
Dl), at tiie temiini of ttie strand. A first label moiety (Al) is covalentty bonded to the 5'-termlnus of the first 
probe (PI) and a second label moiety (Dl) is covalently tended to tira 3'-terminu5 of ttie first probe. 
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Similarly, another first label moiety (A2) is covdentiy bmM to the S'-tetminus of the s^innd protK (P2) 
and another racond label moiety (D2) Is covalently bonded to the 3'-terminus of the second probe. The first 
and second label moieties of ojip^slts probes (Al ami D2} and (A2 arti Dl) are capable of Interact'rfg vrhen 
the first and Mcond probes are in the first mutuallybmind position. 

5 It win be recognized by those stalled in the art thai 1^ moietf^ may be combined or as^ated with 
DMA probes In way^ other than covalent bonding, for example, without limitation, intercalation, chelation, 
and ionic, hydrophlflc, or hydrophobic sfflnity. As used herein, the word "assodSed" Kwompas^ all 
means of bonding a label mo»ty to a pwbe entity. 

TTie label moiafies of ttra present Invention are paired or grouped in manners whidi allow the label 

10 moieties to interact. By way of example, without limitsScn, the label groups may be comprised of 
combinations of label moietiss including a first and ^^nd ftucvt^ihore, a fhiorophore and a chamiluminss- 
cent moiety, a chemiiininesceflt moiety and a co^seor, a (^[»tating ^ent and a solubillzing agent an 
enzyme and a substrate, and colorimetric moieties and coM}rs. 

In the presort illustration, ihe first label moieties are fluorophores (Al and A2) cap^ of receiving 

16 energy or light of a particular wavelength (hv,) and emitting energy or light at second wavelength (hvj. 
Similariy, the seccmd label moieties are fluorophores p and D2) capable of receiving energy or light of a 
particular wavelength (hv,) and wnilting or tramsfening energy at a second vravelength (hv,). The first and 
second fluo rophores of opposite probes (Al arel D2) and (A2 aiwl DI) are capable of intera<ang, when the 
first and second probes (PI ared P2) are in the first mutually-bound po^tiOT, such that the light emisaons 

20 emanafing from the secoi^ Huorcqjhores is quenched. Further, light of wavelength hv„ not normally capable 
of being received by the first fluorophorra (Al and A2), results in emissions at wavelength hv, due to the 
interaction. 

As illustrated in Rgure I, probes (PI and P2) are added to or combined with target strands (Tl and T2). 
The probes and targets are denatwed, allowing the strands to separate. Next the probes and targets are 

25 allowed to rehybridize, further allowing the strands to recombine into a second position wherdn probes are 
bound to targets to form probe-target hybrids (PT1 and PT2). The label moieties of each probe strand are 
removed from label moietiss of the opposite probe strand and are unable to Interact 

In the first position, wherein the probe strands (PI ami P2) are mutually bound, Illumination with light 
energy of a wavelmgth (hv,) suitable to excite secmd fiuoroplKKBS (Dl and D2) results In the emission of 

30 light energy by the first f1uon:phores (Al and A2) at a cUfferent wavelength (hv,) than the initial excitation 
wavelength (hv,) or the normal emission wavelength (hv,) of the second fluorophores (Dl and D2). The 
hybridization of pn:*es (PI and P2) into a second position with tai^ (TI and T2) results in disnjpfon of the 
interaction between lat^l moieties of opposite probe strands (Al and D2; and A2 and Dl) and a decrease in 
the emission of light at the emission wavelength (hvj of first fluorophores (Al and A2). The decrease in 

35 emission of light of the emission wavelength (hvj of the first label moieties, fluorophores (Al and A2), is 
Inversely related to the concentration of the target present 

The emissions of secorKl fluoro0iores (Dl and D2) are nomially quendied in the presence of the first 
fluoro phores (Al and A2) resulting in Uttle or no detectable onisslon of light energy at the emission 
wavelength (hv,). However, hybridization of probe strands (PI and P2) to target strands (Tl and T2) to fomi 

40 probe target hybrids (PTI and PT2) disrupts the Interffiion between label moieties of oppo^ probe 
strands (Al and 02: and A2 and Dl), allowing a detac^:^ emission of light energy at wavelength (hv,) frem 
the second fiuorophores p and D2). which is diaractwistic and indkaiive of the probes (PI and P2) 
assuming a second po^on boutwl to the tergets (TI and T2). The increase in the emission of light at the 
emission wavelength (hv,) of the sa»nd label moieties, fluorophores P ami D2), is reWed to the 

45 concentration of the target strand. 

The emission values of the first and second label moieb'es, fiuorophores (Al and A2; and Dl and D2) at 
the two waveleng^s (hv,) and (hvj, can be analytically combined to provide a total value for the 
concentration of target strand of greato' sen^thrity and atxuracy than either value alone. Ether signal can 
be monitored for the presence of the target strands (Tl and T2). 

so Due to the choice of first and ^cond fiuorophores, light scattant^, secondary fiuorescaice, and 
limitations in excrtabon or lilumination equipment Injecting light onto the fluoroptores, it may be diflicult to 
detect multiple signals, and, in particular, the signal of the first fltxirophores (Al and A2) when the prtAm (PI 
and P2) are in a mutually-bound positicm. Further, the light emission wavelength (hvj may not neces^ly 
be at the nonnal emission wavelength of the first fluorophores (Al arKl A2) due to tiM Interacticm of ttw 

5s second fluorophores (Dl and D2). The Bght emission (hvj) may be chaia&ri^c of Ihe label moieHes as a 
combination or group distinct from the first fluoro|*ores (Al and A2) or the second fiuorophores pi and D2) 
done, or may be quendied. 
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After dsnaturization and reannealing, the lat>el moieties, first and second fluorcphores (A and □) of 
opposae protres may be separataJ and kept.apart by the formation of target and probe duplexes (PTI and 
PT2). The formation of target and probe duplexes (PTI and PT2) destroys the ability of the first label 
moiety, fluorophores (A! and A2) to accept or quench energy from second fiuorof^res (Dl arKl D2), The 

5 signal generating ability of the second fluorophores (Dl and D2) \«hlch donates or sends mmgf to die first 
energy accepting fluorophore is generally easier to detect. The increase in magnitiKfe of the signal of the 
second fluorophores (Dl and D2) is a measure of Ura concentration and ^rosence of terget In a smipte. The 
greater the quantity of target in a parflcular sample, the greater the intensity of the signal at emission 
wavelength (hv,) of the second fluorophore produced. 

10 The present method may be pracfioed with the aid of waratjs set forth in block forni in Rgure 2. The 
apparatus Includes the following major elements: an excitation element or light source, a containment 
vessel, and signal detectors in the form of photon counters (PC). 

The containment vessel is adaptaJ for receiving samples, potentially containing target polynucleotide, 
and reagent. If necessary, the sample Is processed to remove all cellular constituents, except for the target 

IS polynucleotide, by suitable tsget capture and release techniques known in the art Chaotropic salts may be 
applied to dissolve protelnaceous material in ttffi sample. 

The sample is mixed with reagent, including a first probe and a second probe. Tfie first and sa(^nd 
probe are capable of assuming a first position wherein the probos are mutually bound to each other and a 
second position wherein at least one of the (N'obes is capable of binding with the target Each probe 

10 includes first and second label moiefies, for example fluorophores, associated with the probe to interact 
when the probes are in the first mutually bound position. The reagent may also Include accelerators known 
in the art whtoh spaed the hybridization process. 

In an instrument designed for artomated analysis, the apparatus set forth in l=lgure 2 would preferably 
include means for receiving a plurality of containment vessels. Containment vessels containing the sample 

7S would be analyzed sequentially. Sample purification, heating, mixing, and reannealing ^eferably takes place 
prior to and at a station remote from the station where label signals are measured. Thus, ttie containment 
vessels are conveyed h'om a first station or series of stations where sampte purification, heating, and mixing 
occur, to a second station where probes and target, if present are allowed to reanneal. The containment 
vessels are tiien conveyed to a ttiird station where label signals are monitored. 

30 Conveying means may include a rotatable turntable, conveying belt or ottier means. As applied In a 
clinical hosfrttal sotting, conveying means may include manual movement Thus, hospital staff may obtain a 
tissue sample from a patient and place tiie sample in tire containment vessel. Sample purification, heating, 
and mixing of reagents would be Initiated at bedside and continued as the containment vessel traveled to 
the tiiird station for monitoring. 

35 Turning now to the first station, a heating element is positioned in close proximity to Uie containment 
vessel to heat the sampte and prot>es to melting temperature. Target and probes are able to assume eitiier 
a first position in which ttra probes are mutually bound or a second position, if target is present wherein at 
loast one probe is bound to target upon subsequent cooling. The heating element may take many forms 
Including a chemical heat source, electrical heat source, or other means known in the art The containment 

« vessel Includes a stirring or agitation element to facilitate mixing of sample and pvbes. 

From .tiie first s^on, tire containment vessel is conveyed to a second statim where pmt^ and target 
if presOTt, are allowed to reanneal. To fadiitate cooling of tiie containment ves^l from melting or 
denaturization temperatures, the second station includes a cooling element The cooling etanent may not 
be needed if sufficient time Is allowed and surrounding temperatures are cod to permit the probes and 

4B target to reanneal. 

Leaving tiie second station, ttie containment vessel is conveyed to a third station where the signal, 
characteristic of ttie probes assuming one of tiw two positions, is monitored. 

The thim station Includes means to exdte one of ti^e label moieties. In ttie present example, where the 
first and second label moieties are fluorophores, ttie excitab'on means Include a light source preferably 
50 equipped with suitable filters so as not to cause substantial exdtation of tiie second fluorophore. Mer- 
natively, a laser having an appropriate narrow emission specbtim may be used. 

If one of the label moieties included a chemlluminescent agent the excitation means would Include 
means for injecting into ttie containment vessei suitable cofactors to produce a light emitting reaction. 

The ttiird work station includes signal detectors, photon counters (PC), positioned to receive fluorescent 
55 emissions from the containment vessels. Preferably, two photon counters (PC) are used. One photwi 
counter receives signals emanating from ttie first label moiety and ttie second photon counter receives 
signals fi-om ttie sectmd label moiety ttirough ttie use of fifters or time resolution techniques. 
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The photon counters produce a photon signal which is received, amplified, and processed by an 
analyzer. TTtb analyzer processes photon signals into values which can be graphically depictoJ w 
HlusttBted or rendered into other forms which convey the results to an operator. 

The present apparatus can be atepW to lifetime resolved techniques with the use of aaJog defectors 
6 In conjunction witti a pulsed light source or a sinusddafly modulated light sairce. 

The present invention is well suited for use wffli synthetic oligqnudeoUdes. However, ttie pre^ 
invention can be readily adafMed to bioI(^ical cloning techrnques to manufacture probes (PI and P2) in an 
economical manner. 

Turning now to Rgure 3, a double-stranded segment (hereinaftw referr«l to as the probe segment) of 

JO DMA containing base sequences iaiown to be complementary to target sequence, is introduced Into a 
plasmtd by conventional recombinant DNA techniques. For example, the plasmid may be subjected to a 
restriction endonuclease which cleaves the plasmid ring and provides single-sfrand protrusions or stici<y 
ends. The sticky ends are cwnplementBry and bind to stidty ends al tire tennini of tiie probe segment The 
probe segment may be incorporated witti solecflori marlcers to further tiw identification of successfel clones. 

76 The plasmid is ttien incorporated witiiin a bacterium such as Eschwidtia coll where tiie plasmid is 
reproduced or amplified. The ba:terium is allowed to grow in color^s on a medium which is toxic to the 
bacterium sxce;^ for those succ^sfuily Incorporating the probe segmort and tiie selection maricer. 

After ttie b^ria colonies have been allowoj to repnxiuce and tiie plasmid altowed to replicate to a 
high copy number, haOmm and plasmid DNA is Isolated from atha cellular constituents and ttie DNA 

20 subjectaJ to restriction enzymes to break ttie probe segment from ttw piasmW DNA. The probe segments 
can ttien be isol^ by ajitable means, including electrophoresis. The probe ^nents of interest may be 
suitable for end labeling to fomi probes «- may consist of parts or subsections which in ttiemseives are 
valuable as probes. Thus, Uie larger probe segment may be subjected to multiple restriction enzyme 
digestion to break up the larger probe segment into smaller probe subsegments suitable for end labeling at 

as the 3'-and 5'-termlnI. 

Labeling at-ttje 3'-tennini of ttie probe segments or subsegments is accomplished with the use of a 
nucleotide having a functional group available for reacting with an activated fluorophcne. The nucleotide 
having ttie functtonal group may be aKlded to the probe segments witti the use of twminal deoxymiclojtidyl 
trawferaso (TdT). The enzyme TdT will only add aie or two bases of a ribonucleotide to ttie probe 

30 segments, ttius avoiding tiie addition of a tail or extended chain of flw nucleoti'des to ttie probe segments. 
Large tails or chains of ttie nucleotide may have stertc effects fliat may alter energy transfer between label 
moieb'es or alter or impair hybridization of ttie probe strand to tiie target strand. Labeling at ttie 5'-term!nus 
of flw probe segmente is accomplished by linking a label mcsety to ttie probe segments vntti ttie use of a 
bifenctional aTiphatic group. Preferably ttie label moiety may be nnkaj to ttie probe segment witti an 

35 aliphatic diamine. 

Turning first to ttie labeling of a single strand of DNA at ttie 3'-temilnus, ttie reaction adding a 
nucleotide to a DNA strand tttrough ttie use of tiw enzyme TdT can be written: 



n(NTP) + 9l6x)^ * Pf'^^'m '^"'n * "^^i 

TdT 

In ttie alx>ve equ^ion, p(dx)„, is an oUgodeoxynudeotfde of Isngtti m bases and N is one of ttie bases 
adenine, guanine, cytidlne, uridine, tfiymine, or a modification ttiereof. The letter n designates ttie number of 
monomers ttiat will be added to ttie DNA strand. 

Preferaljly, ttie monomer will include an aminoalkyi derivative of a nucleic acid. The amine group can 
be reacted witti a number of fluorescent agents. More prefer^jly, the aminoalkyi derivative Indudes a 
primary aliphatic amino poup. The use Of ribonucleotide monomer in ttie enzyme TdT limits ttie addition of 
monomer bases to the DNA strand, n, to one or two bases, represents a metal ion ojfector. An 
example of a prefwred ribonudeotide derivative includes 8-(6-aminohexyl)-aminoadenosine-5'-triphosphate - 
(AHA-ATP) the stiudure of which is set fortti tiekjw: 
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The compound AHA-ATP includes a primary aliphatic amino group which is capable of undergoing a 
wide variety of chemical reactions pemiltting the addition of a wide variety of fluorescent labels. 

Thus, the 3'-tertninus of a strand of DNA will react with AHA-ATP and terminal transferase at pH 7 as 
set forth below 




20 



nAHA-ATP + p(dx)|jj 



p(dx)^ (AHA-A)j, + nPP. 



TdT 



2g The resultant product strand Includes an amino functional group which can be reacted with a label 
moiety such as predpitating or solubilizing agent, colorimetric agent, luminescent agent enzyme, or 
cofactor to produce a prot» having a label moiety. By way of example, the fluorophora isofhiocyanate 
reacts with the amine functional group of AHA-A at pH 9.3 to form a probe strand. Other amine-reactive 
fluorophores Include, by way of example, without limitation, fluorescein isofhiocyanate, sulforhodamine KM 

30 sulfonic acid chloride (Texas Red), N-hydroxysuccinimldyl pyrenebutano^, eosin isothlocyanate, and 
erythrosin Isothlocyanate. Suitable chemiluminescent agente and cofactors include amine-reactive luminol 
derivatives, microperoxidases, acridinium esters, peroxidases, and derivatives thereof. It will be recognized 
by those skilled in the art, that fluorescent and chemiluminescent agente not normally amine reacth/e can 
be modified to be amine reactive and are suitable as label moieties in the present Invention. 

35 The DNA strands may also be labeled at their 3'-tennini by tailing the DNA strarKl wHh a fluorescent 
nucleotide derivative such as l-N'-ethenoadenosine-5'-triphosphate (EATP) mediated ttirough terminal 
transferase (TdT). However, the appTicalion of deoxynucleotides to DNA may produce a tall or chain 
containing many additions which are difficult to standardize and which may create stearic effects. Other 
fluorescent nucleotide derivatives Include, by way of example, without limitation, 3'- 

^ (dimethylamlnonapmhoyl)-ATP or -CTP and/or any nucleotide triphosphate inconxsrating a fluorescent 
heterocyclic entity. 

The S'^termini of single-stranded DNA can to labeled in a two-step reaction sequence using 
ethylenediamine to link the strand at the B'-phosphate to an activatKl fluorophore w set forth in the 
reactfons below: 



(I) 
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(II) 

V > H 1 1 1 1 1 It ♦ lluorpphew p ^F ^i 1 1 1 1 H H t 

liwthtocinMit, 
.H-hTdraiyaueelnlaUa ntM-l 

Synthetic (wlynLKteotides will require an additional stop to frtrasFrfiorylate the 5'-hydroxyl group. The 
phosphorylation can toe performed with the enzyme T. kinase pffior to step (I). 

Preferably, the carbodiimide is water soluble, Including by way of example l^yl-3^ 
dimethylaminopropyl carbodiimide. h:yclohexyl-3-(2-mofphoiinoethyl^»bodiimi(te metho-p-tolueno^lfate 
and derlv^es thereof. 

The ethylenediamine polynudeotide dorivativo has a rsacBve-amine functitwial group which can be 
reactKJ Yirith a label molsty (Step II). The reacBve-amine funcfionaJ group will react with isottuocyanate at pH 
9.3 to form a probe strand. Suitable label maetiss for one end label, for example 5'-end label, are selected 
to complement the (woste end label moiety, the 3'-end label. Appropriate fluorophof^ include, by way of 
example, without limitation, fluorescein isoBilocyaiate. sulforhodamine KM sulfonic add chloride (Texas 
Red). N-hydroxysucdnimidyl pyrenebutanoate, eosin Isothiocymate, erythrosin isothiocyanate, and derfva- 
^es thereof. Suitable chomlluminescent agents and cefaclors include luminol, microperoxidase. glucose 
oxidase, acridinium estei^, ludgenin, and derivatives thereof. 

Turning now to Rgure 4, the present labeling techniques as described In regard to singte-stranded DNA 
are applirable to double-stranded DNA segments isolated from biological sources. Thus, as illustrtf«J, a 
r^resentetive segment of DNA isolated firom baMa. plasmlds is comprised of two Individual complanm- 
tary strands of DNA each having a 3'-hydroxyl group and a 5'-phosf*^ group. The double-strareted 
segment of DNA Is reacted with ettiylenediamme and an activated fluorophore to covalwitJy affix a first 
fluwophore (A) to the S'-phosphate position of both Individual strands of DNA concun'entiy. 

Next the double-stranded segment of DNA is reacted with AHA-ATP, mediated by TdT and reacted 
with a second fluorophwe (D) covalently to the 3'-position of each re^>ec«ve strand. Thus, tt» fitst 
fluorophore (A) of one probe strand is petitioned to interaa with the s«»nd fluwophore of the oppc^ 
probe strand at both termini of the DNA segnient The label moieties, first fluorophores (A) and the second 
fluorophores (D), are able to interaa to produce a signal characteristic of one of the two positions the pnjbe 
may assume upon hydridizalion with target 

The present invention is further lllustratBd and described in the fallowing experimental examples which 
exemplify features of pretered embodimwtts. 



EXAMPLE 
A. Materials 

in the foregoing examples, l-N'-ethenoadenosin^'-triphosphate (socfium). 2'-deoxyadenosine-5'- 
triphosphate (sodium), DNA oligomers, and oligomers immobiTized to cellulose wore purdtased ftwn 
Pharmacia Biochemicals, inc. of Piscataway, New Jersey. Restriction enzymes were purchased fnsn 
Bethesda Research Laboratories of Gaithersburg, Maryland. Temiinal deoxynudeotidyl Iransfwase (TdT) of 
the low molecular weight form was purchased frwn Ufe Sdences, Inc. of St Petersburg, Flwida. 8-(6- 
aminohexyl)-aminoadenosine-5'-triphosphate (AHA-ATP) was purchased from, Sigma Chemicals. Inc. erf St 
Louis. Missouri. The plasmid pSPBS was purchased from Promega Biotech of Madiswi, Wisconsin. Amine- 
reactivs fluorophores were purchased from Molecuter Probes, Inc, Junction City. Or^on. All other reagents 
were of analytical grade or better. SyntiieUc DNA oligomers were prepared on a Bioseroh Sam One 
automated DNA synttiesizer (San Rafael, California) using stend«d pho^*or^adite methods and reagents 
from several commercial sources, including America BioNudear of Emeryville, California. 

In the present example TdT reaction buffer (ZX) includes 0.^ cacodylic add, 0.a)2M dithiothreitol, 
0.0I6M magnesium chloride at pH 7.1. Binding tniffK- Includes IM sodium chloride, 0.02M potasdum 
phosphate, monobasic (KHJPOt) at pH 7,5. Boric add buffer includes a .tSM boric add or .05M sodlisn 
borate solution adjusted to pH 9.3 witti the addition of hydrodiloric acid or sodium hydroxide. Al»3rbanc» 
measurements were made to determine DNA probe composlton, DNA and DNA probe cwxantraions. and 
the degree of base pairing in DNA melting experiments (melting curves). Absorbanra SfmXm mm 
recorded using a Gary I7D absortjance spectroptofemeter (Varim tewd^ Palo Ate. CaHfomia). f=or 
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measuring absorbance changes of DMA as a function of temperature, the temfwrature of the thermostated 
cuvetts holder was controM with a Haake nnodel A8I refrigerated water tiath (Saddle Brook, New Jersey). 
Extinction coefficients used in determining hotnopolymer concentrations were taken from the compilation of 
extinction coeffteients in the ^ipendix of the Pharmacia Molecular Biok^lcals catabg. The average of the 
s extinction coefficients of homopolymer and altemating homopolymer DNA Hsted in the same ^)pendix was 
used to approximate the extinction coefficient for mixed base sequences, 8.7 "lO" l/moVbase for single- 
stranded DNA and 6.8 'tO" l/mol/base for double-stranded DNA. Extinction coefficients of unconjugated 
fluorophores were used to dstemiine the amount of fluorophore present in conjugated DNA probes. 

Fluorescence spectra were measured and recorded using an SLM model 4800 analog spectrofluoro- 
70 meter (SLM-AMINCO Instmments, Urbana, lina's). For greater sensitivity, the analog ^jectrotiuorometer 
was modified to perform photon countir^ detection of fluorescence. The modifications included replacing 
the usual dBt»::tor, a Hamamatsu model R928 photomultiplier tube in an ambient temperature housing, with 
the same model photomultipBar tube in a themroelBCtric cooled housing (Products for Research model TE- 
I77RF) maintained near -30'C. Current pulses at the anode of the tube were amplified, condWOTied, and 
;s counted using EG&G ORTEC nuclear instrumentation modules. The modules included a mcdei 9301 fast 
preamplffisr, a model 9302 ampHfierKjiscriminator, and a m<xJel 674 quad counter/timer. High volt^ for the 
photomultiplier dynode chain was supplied by an EQ&6 ORTEC model 478 ixwer supply. 

The counter module was interfaced to a Hewlett Packard 9825 computer through an IEEE-488 Interface. 
The computer and interface allowed photon counting spectra to be acquired in coordinatlcMi with monwh- 
20 romator scanning and reference detector measurements of the unmodified portions of the fluorometer. 

Temperature control was maintained with an SLM thermostated cuvette holder in conjunction with a 
Haake incxiat A8I wmer bath. 

When not scanning, sample emission was generally measured through a second port on the fluoro- 
meter which used filters In place of the emisston monochromator. For these measurements, the photon 
2S counting detector was employed. Emission from samples containing fiuorescein l^selsd DNA was filtered 
through a Ditric Optics 3 cavity interference filter with peak tranSmittance centered at 520 nm (FWHM08.2 
nm). Ruorescein samples were excited at 490 nm with the monochromator bandwidth set at 2 nm. 
Ruorescence emission as a function of time was recorded using the counter module interfaced to a Hewlett 
Packard model 9836 computer which altowed data storage and prwsssing of the kinetic information. 
30 A variety of well-known hybridizatkjn condlttons were emptoyed in the present pnxedures. A general 
reference for hybridization conditions may be found in Melnkoth and Wahl, Analytical Biochemistrv. vol. 138, 
pp 267-284 (1984). 

The following conditkins woukl be applied as necessary by Individuals skilled in the art Opb'mum rdes 
of hybridization are generally obteined at about 20° to 25'C below the meifng transiticm temperature. For 

35 higher stringency, hybridizations are performed within 5' or lO'C of the melting temperature. Addition of 
carrier DNA In the form of lambda DNA was found to improve the stability of probe at tow concentration. 
EDTA was also added, in some instances, to improve DNA stability. Other additives such as concentrators 
or accelerators could be used in hybridization solutions as long as these were effective for the size 
oligomers used In preparing the probes and If fluorescence backgrounds were not greatly inaeased by the 

40 addition. 

The general pnsradure ampkjyed in experiment herein Include a first step-to first render the target 
and probe DNA in a single-stranded form. This was accomplished by hieating tfie samples containing target 
and sample DNA In a water bath. For tong DNA targete, the samples were generally plat^ in boiling water 
baths for approxlmatBly 10 minutes in tow salt buffers (or distilled water). Probe was added to the sample 

46 containing tar^ DNA, often near the end of the dehybridizatiCOT pro(»dure to avoid prolonged exposure to 
the high temperature. At the end of the dehybridizaUon, concentrated high salt buffer was addal to 
establish the desired salt and buffer concentration for hybridization. Smaller oligomer targete and probes 
can be melted in the higher salt hybridization buffer at lower temperature. Usudly t M NaCI was used for 
hybridizations; however, m mM was also used in some instances vihen It was desired to*ier the DNA 

so melting temperature. The single stranded sample contaning both target and probe was then allowed to cool 
to the hybridlzatton temptrahire and fluorescence measurements performed to ascertein ttie extent of 
fluorophorB label Interaction. The length of ttie hybridization period varied from minutes, for samples at high 
probe concentration, to hours for samples containing low concentrations of probe DNA. 

5S 
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The foikwing example sets forth a typical experimental protocol, beginning first with examples which 
descrilje 3'-tennfiinal end labeRng of prot» segments, turning rraxt to S'-tsrminal end labeiing of probe 
segments, and finally turning to the application of the end labeled products to a homogsnsous compeliti^ 
assay. 



B. 3'-Termtnal End Labelirw 

The 3'-termW of single-stranded DMA were labeled in a two-step reaction. In the first step, the enzyme 
10 TdT was used to attach a single nucleotide having a re»:ttve functional group to the S'-hydrcxyl group of 
each DNA strand. The second step included coupling a label moiety to each DMA straiKl by a re^on with 
the reactive tactitmal group. 

The following protncol was followed using single-stranded homopolymers of ctecwythymidine having 
base length of twelve (dTJ and duplexes of homo(»lymers of polydeoxyadarK^no and polydeox- 
15 ythymidine, each strand having length of 20 ba^ (dAa-<frz,), mixed base synthetic olfgoners, and plasmid 
fragments of pSP65, cc»itaimng the neomydnphosphotransferase gene fragment, restricted with the en- 
zymes Alu I and H» III. 

Turning now to the first step in more detail, in a standati conical [rfastic tube about 10 nmola of DMA 
were combined with 25.5 m of a 3.3 mM solution of AHA-ATP in water and the sample brought to dryness 

20 in a centriftigal vacuum ^pparabis (Speed Vac, Savant). The ratio of AHA-ATP molecules to 3'-termtnal 
hydroxyl groups of the DNA in the DNA/AHA-ATP solution is apfroximately KW. To the DNA/AHA-ATP 
solution, 30 111 of TdT reaction buffer, 20 ul bovine seaim albumin (500 ug bovine seaim albumin per 
milliliter of water), 500 units of TdT, and water, were added to form 70 iH of a raacta mixture. The rearfon 
mixture was allowed to incubate 18-24 hours in a 37°C water bath. 

as Homopolymer indwidual strands were separSed from unroa:ted AHA-ATP by binding the homopolymer 
strands to complementary homoptHymer immotx'lized on cellulose particles at IO°C followed by washing the 
cellulose at 20°C witti binding buffer. Next, the product was eluted, removed from the cellulose particles, in 
a .05M boric add buffer at pH 9.3. 

Homopolymer duptexes, mixed base oligomers, and pSP65 doiMe-stranded plasmid restricb'on firag- 

30 ments were separated from the unre«:ted AHA-ATP by gel permeation chromatography using Sef^iadax 6- 
25 chromtiography media and elut'on in water or boric add buffer, or by ion exchange columns such as a 
MACS Ion exdtange column manufactured by Bio-Rad Laboratories. 

In the second step, refening collectively to single-stranded homopolymers, mixed base oligomers, 
homopolymer duplexes, or double-stranded plasmid fragments, an amirw-reacHve fluorophore was covalen- 

35 tly bonded to the primary aliphafic amino grcMjp of the terminal aminohexyl amino-adenosine formed from 
the reaction of AHA-ATP with the 3'-terminus of each DNA strand. The amine-reactwe fliwrophores indude 
sutforiiodamine 101 (Texas Red), pyrenebutenoate, fluorescan, eosin and erythrosin, isothiocyanate dsrtvar 
fives, sulfonic add chlorides, and N-hydrracyaKxSmide estWB. The amlnefMCtive fluorophore wwe 
dissolved in an appropriate nonrsactive solubiKzing solvent such as acstone for N-hydroxysucdn!mldyl 

40 pyrenebuttnoats, dimethyl fonnamide for suHcnfiodmine 101 sulfonk: add chlwide, and dimethyl sulfoxide 
for fluorescein isothiocymiate. A .01 molar sohrtkm of the fluorophore was added dropwisa to a .05 molar 
boric add/sodium hydroxide buflier solution at pH 9.3 containing the AHA-AMP coupled DNA strancte wftti 
constant stirrir^. A 20-to 200-fbld molar exc^ of restive fluorophore to AHA-AMP coupled DNA was ised 
to force the reaction to the deared products. The reaction was allowed to continue for 16-24 hours. At the 

46 end of the reaction period, the fluort^re labeled dngle-strandaJ homopolymers were isolated by affinity 
chromatography. The fluorophore labeled double-sttanded homqxjtymers, mixed base oBgomers, and 
restriction fragments of plasmid pSP65 were Isolated on MACS columns or by gel permeation chromatog- 
raphy as outlined above. The fluorophore labeled homopolymer single strands, mixed base oligomers, 
homopolymer duplexes and doiAte-stranded plasmid fragments wwe Isolated in water or binding buffer. Fw 

so long-term stor^e, the fluorophore labeled DNA solutions were reduced to dryness in a centrifugal vacuum 
concentrator and storal at -20°C. 

As an altomative to tt« two step 3'-Iabeling technique outlined above, polynucleotidas can t» label«l 
directly with fluorescent nudartdes using the enzyme TdT. By way of further example, sirigle-stranded 
homopolymw strands wwe labeled at the 3'-termini with ttie fluorophore, I.N'-etlWKMdsnosi'ne triphosphate 

6S (EATP), a modified nuctoJlde, In a procedure Ideniicai to the procedure for the addMon of AHA-ATP to the 
3'-termini of single-stranded DNA. 

The above procsdu^ rsailt^ in fluors^M latiel mdeties positioned ei the 3'-termini of single-and 
double-strand^ oligomers as Identified In Table I below. 

12 
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TABLE 1 

3 '-Terminal Labeled DRA Oligomers 

Labels 
per 

Oligomer Labeling Compound Oligomer 

dT^2 fluorescein isothiocyanate 0.88 

dTj^2 fluorescein isothiocyanate 0.72 

dTj^j l,N^-ethenoadenosine 0.95 

dTj^2 l,N^-ethenoadenosine 1.0 
dTj^2 sulforhodamine 101 sulfonic acid 

chloride (Texas Red) 1.1 
dTj^2 sulforhodamine 101 sulfonic acid 

chloride (Texas Red) 0.98 

dT^2 N-hydroxysuccinimidyl pyrenebutanoate 0.62 

dTj^2 N-hydroxysuccinimidyl pyrenebutanoate 0.85 

dTj^2 eosin isothiocyanate 1.1 

dTj^2 erythrosin isothiocyanate 2.6 

dTjQ N-hydroxysucciniraidyl pyrenebutanoate 0.59 

dT-Q eosin isothiocyanate . 1.9 



C. S'-Tenninal End Labalino 

The 5'-termini of single-stranded homopolymers of DNA. double-stranded homopolymers of DNA. and 
restriction fragments of plasmid DNA were labeled In a tvw-step reaction sequence. In the first step the 
terminal 5'-phosphate group of the DNA strand was condensed with a reactive difunctional wganic molecule 
capable of linking tfie S'-phosphate group to a label moiety, in accordance with B. C .F. Chu, Q. M. Wahl, 
and L Orgel. Nucleic Acids tHeseareh. 118), 65©-€529 (1983). TTie second step Includes reacting the DNA 
strand and the rmMva organic molecule to the label moiety to form a probe strand. 

Those skilled In the art will recognize tha many forms of naturally occuning DNA are phosj^orylated at 
the 5'-terminus. Nonphosphorylated DNA requires an Inl tial phosphwylatlon step using the enzyme T. 
kinase, the methods and procedures of which are well-known in the art. See: Bathesda Research 
l-aboratofies product profile for 5'-DNA terminus labeling system Oncorpwrted by reference herein). 

By way of example, starting with the first step in det^I, ethylenediamine was condensed with the 
terminal 5'-phosphate group of the single-stranded Dl^ homopolymer duplexes, and double-stranded 
restriction fragments of pSP65 plasmid u^ng ttre water soluble carbodiimide, l-ethyl-3-(3- 
dimethylamlnopropyl)-carbodiimide. A reaction mixture was formed with 50 nmole of DNA dissolved in 500 
Hi of water and mixed together with 500 Hi of a r^ctant solution containing 0.5M ethylenediamine, 0.2M 
carbodiimide, and 02M 2-{N-morpholino)-ethane sulfonic add adjusted to pH 6.0. The reaction mixture was 
stirred overnight for 16-24 hours al room temperature. 
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Ethylenediamine reactsd single-stranded homopolymers of DMA were purffied by adding sodum 
chloride to the reaction mixture to a one molar concentration and then pasang the mixture throi^h a 
column coriiaifTing complenientary homopoiymers immobilized to cellulose at IO°C. The column was then 
washed with binding buRer at IO°C aid again at 20° C. Ethylenedis»nine reacted DMA homc^ymers were 
5 ra»vered by pasang a .05M twric add buffer throi^h the column at twriperatures ranging between 50- 
65 "C. 

Homo{X]lymer duple9(es, mixed base oligcxners, and resfrfcSOT fragments of plasmid DMA were purified 
by p^'ng the ethylaiediamine reacted DNA through a Sejtelex Q-25 .column and eluting with bwic 
addJ^um hydroxide hjffer. An altemativa purificafon method induded binding ttie alhylenediamine 

10 reacted DNA to Bio-Rad NACS columns In a low salt buffer and eluting in high salt Ixiffer or 2.0M 
ammoniuin a(»tate. Samples elud^ with 2.0M ammonium acetate were dried to remove the salt buffer 
using either a coitrifugal vacuum appar afus or a iyophyiizer. 

In the second step, the DNA strand beaded to the rea:tive organic moiety, ethylenediamine, was 
reacted furthw with a r^dive fluorophore to fomi a probe strand. In more detail, amine-rea*ve 

15 fluorophores, either isotfiiocyanate dwivatives or N-hydroxysucdmide esters were dissolved in an appro- 
priate mmreacHve sdubiltdng solvent A .OIM fluort^ore solution was aiUed dropwise to a .05M boric add 
buffer solution containing the ethylmsdiamine react»i DNA st pH 9^ with onistant stim'ng. The rea^ve 
fluoroptore was added in a 20-to 200-feld radar mxss to force the reaction to the desired pnxlucts. The 
resEX^ was allowed to continue fcH- 16-24 hours with stim'ng. 

20 At the end of the reaction period, the 5'-fluoraphore iabefed DNA was flttsrsd. The S'-fluorophora 
labeled homopolymer sin^e-stranded DNA was Isolated by affinity chromatography. The S'-fluorophore 
labelKl duplex DNA, mixed base oligomers, cr labeled placid restriction fragments were isolated on NACS 
columns or by gel pemteation chnxnatography. The 5'-fluorophore labeled duplex homopolymers or 
plasmid restriction fragments were then isolated 'm water or binding buffei". The 5'-fluorophore latoled 

25 single-stranded DNA are identified in Table 2 set forth below: 





TABLE 2 






5 '-Terminal Labeled DNA Oligomers 








Labels 






per 


Oligomer 


Labeling Compound 


Oligomer 




fluorescein isothiocyanate 


0.89 




fluorescein isothiocyanate 


0.96 




N-hydroxysuccinimidyl pyrenebutanoate 


0.70 




fluorescein isothiocyanate 


1.1 




fluorescein isothiocyanate 


0.59 




fluorescein isothiocyanate 


0.90 



The 5'-terminaJ labeled homopolymer probe strands are capable of biniSng to complementary 3'- 
terminal homopolymer strands to form a duptex In which the 3'-label moiety of one strand is In a portion to 
Interact with the 5'-label mdety of the owxssite strand. The 5'-ajKl 3'-homoi»lymer duplex strands and 
plasmid restriction fragments indude two end labeled complementary polynucleotide strand probes. 

Multiple duptex proljes were also prepared from synthetic DNA for g, gall enterotoxin gene. Com- 
plementary pairs of oligomers were syntiiesized and then latiel^. Bve pairs of oligomers were pr^mrnS 
with sequences corresponding to 5 different regions on the genome of an i. Cgji enterotoxin gene. Four 
pairs contained oligomers which were 21 ba^ tong and one pair contained oBgomers which were 22 tows 
in lengtii. The 10 singfe-stranded oligomers were divided into two groups for labeling. One group contmned 
one member of each complementary pair and ttie other group contairwd tfie other pair membas. Non- 
complementary strands were grouped to avoid hybridized DNA in ttie terminal trmtsferase re^cta mixture. 
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The enzyme addition of terminal nucleofide Is less efficient when using a blunt end double stranded DNA 
primer. Latwiing efficiency in ttiis preparation w^a not ss high as was obtainaJ in previous duplex probe 
(M-eparatiwis although the fluorescence change ^odated with hybridizaHon was large enough that it could 
be detected at fairly low probe concenfrations. 
5 Tire homopolymer duplexes, plasmid restriction fragments, and toxin gene probes are idemified in 
Table 3 set forth on a following page. 
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Referring rww to Table 3, the homopolymer duplexes, mixed base oligomers, and plasmid restriction 
fragments incorporate labels a! both the 3'-tsrmini and the S'-termini of each individual strand. Tables I, 2. 
and 3 Include an indication of labels per duplex or labels pw straid as an indication of fiie efficioicy of the 
labeling react'ons. The number of labels per probe was detennined by absorbance spectroscopy. 

The label moieties of complementary prcAm stra«js are capable of tnteroaing when the probe strands 
are in a mutual, bound [XKiBon as graphically illustrated in Rgure 5. Rgure 5 sets forth a retelionship 
twfiireen fluoresc«"n emission versus tempwature as the tem[»ralutB is varied over the melting point of the 
hybridized probes. The probes include a homopolymer duplex of droxyadenosine and deoxythymidine of 12 
base lengtt bearing label groups of a S'-fluwescein and 3'-sulforhodamine, respectively. As illustrated, solid 
circles and triangles represent values obtained as the tempa^ture of a sample containing probes was 
decreasing. Open figures of triangles and drcles recu-esent values obtained as the tsmperAire of a sample 
cmWning proi» was increasing. Points represented by triangles reflect values conected for temperature 
quenching of the fiuor^cent moieties. The points represented by circles represent actual values. 

In more detail, tt»e melting curve data of Rgure 5 was recorded on samples of DNA in buffer conasUng 
of I H NaCi and 0.02 N po&sdum phosphate at pH 7.5. Data plotted in Rgure S were obtained by mixing 
equimolar amounts (OJ UM) of 5'-fluorescein-dAo and dT,rsulforhodamine-3' and measuring the fluorescein 
emis^on after sanple equilOwalion at a number of sample temperatures. Ruoresoence of 5'-fiuorescein-dAa 
alone was also measured at the same temperature to detennine the effort of tempwature on the 
fluorescein wnission. The data from tte 5'-fluorescein-dAo alone measurements were used to correct the 
melting curve r«:orded on the two-probe sample. Both conected and unconrected data are plotted. 

As Ihe probes are cooled and reannealed, fluore^^in emissions are quendied resjHing in a decrease 
in the fluorescein signal intensity. As the probes are heated to melting or denaturing temperature, the 
probes separate disrupting tiie interaction between the label moieties. Riwrescein emissions are no longer 
quendied and fluorescein emissions increa^. 

The interaction of the label moieties, set fortti in Rgure 5, conesponds to melting temperature data of 
"unlabeled" probes, as measured by conventional procedures for measuring DNA hybridization in solution. 
Rgure B sete forfli graphically the relation^ip betw^ absortjance of nght energy at 260 nH< and 
temperature as the temperature is varied ttirough the melting tempwatae of unlabeled probes. The probe 
repreented in Rgure 6 includes homopolymers of deoxyadorosine and deoxyttiymidine of twelve base 
lengtti. Points on the graph represented by solid circles repr^ent readings as the tem(»raturB of the 
sample was decreeing. Open circles represent readings as Uie temperature of ttie sample was Increasing. 
As the temperature of the probes is varied through tfw melting temperature of tiie probes, the abswbance 
at 260 nM increased from approximately 0.135 to 0.182 due to ttio reduction in base pairing. "Hie melting 
temperature of the unlabeled DNA as detamined by absorbance measurements Is identical to the melting 
temperature detennlned by fluorophore interaction, indicating ttiat labeling of flw DNA does not interfere 
witti the hybritfration process. 

The interaction of label moieties is also represented in Tables 3 and 4. Table 3 includes a comparison 
of fluorescein Intensity of labeled hybridized homopolymer complexes and plasmid restiiction fragments to 
unhybridizwJ fonns. The ratio of tiie signal of unhy bridized probes to tine signal of hybridized prabe can be 
as high as 4J. 

Table 4, a comparison of fiuorescmce intensity of unhybridized labeled probes over hybridized labeled 
probes, is set forth on tiie following page: 
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In Tables 3 and 4, the fluorescance changes are reported as the ratio of the fluorescence of one or both 
labels In the unhybrfdfz«l sttife to the fluorescence observed under hybridization conditions. The data 
acquired either from experiments where temperature was used to select the hybridization state, from 
experiments where complementary probes wws examined together and then alone, or from experiment 
where hybridization of probes was conducted In ttie presence or absence of a Iwge exwss (usually tenfOW 
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or greater) of unmodified complementary DMA. In the latter expertments, the large excess of target DNA 
provides for a competitive hybridization reaction that prevents complementary DNA probes from hybridizing 
to one another. Multiple values of fluorescence changes are entsred for probe pairs for which difSwsrt 
prep»aBons of the same latelaJ oligomers were examined. Table 4 contains data obtained using fxobes 
whidi were prepared by single l^ng of oligomers. The compositions of these probes are listed in Tabtes 
I and 2. The data of Table 3 is derived from [wobes which were !at»eled while paired such that a first 
ffuoroj^ae Is cam'aj on the 5'-termlni of each oligomer aral a second fluorophore is cam'ed on the 3'- 
tennini. In the hybridizing condition, the 5' first fluorophore of one strarel is in close proximity to the 3' 
secOTd fluorophore of the complementary strand. 

Tables 3 ami 4 reveal several label comWnations which give rise to significant aiteraflons in ttie 
fluorescence of at least one of the two labels. In a Forster &mfff transfer type mechanism, the label which 
absorbs and emite light of longer wavelength is ej^jected to receive energy from the other label (wergy 
donor) upon exdtation of that label. TOs results in a quenching of emission from the energy donor label 
accompanied by an increase in emission from the mmgy receiving label, if that label is fluorescent Label 
■combinations which show behavior compatible witti this mechanlOTn are fluores celn/sulforhodamiiw KJI, 
acridina/sulforhodamine 101, fluorescein/ethenoadenosine, fluoresceln/eosin. and fluorescein/erythrosin. 

However, Tat^ 3 and 4 reveal several interactions which do not behave in acconlance with a Forster 
typw mechanism. Label comblnalions shovring behavior inconsistent with a Forster type energy transfw 
mechanism are fluoresc^n^yrenbutsraA and fluoresc^n/acridine. 

Ev«i though several label comtMnatlons exhibit behavior typical of Forster type energy transfer, the 
mechanism of the interaction cannot be confirmed by data collected from only one of the two labels. In the 
label combinations examin«l, the other member of the label pair was either Msenlially nonfluoresMnt when 
attached to DNA (e.g., acridine) or displayed fluorescence wWch was fairty inswisitive to the state of 
hybridization. The uncertainty in the mode of label interaction is a result of the ability to bring two label 
molecules to within a collisional distance of one another. When coUisional interactions are allowed the 
various mechanisms of dynamic quenching may ctmpete and dominate the otjservoj interactions. Close- 
range dynamic interactions are also potentially more striking in effect than the static counterparte. 

Some fluorescence changes noted in Tables 3 and 4 are lar£^ than ttiose observed in quenching and 
energy transfer-based immunoas^ys which must rely upon random labeling of protein molecules fi.e:, 
anti'bodies and/or protein antigens) to prepare one or both of the labeled spedes. Only a small fraction of 
labels, therefore, might lie In the proper position for static or colBsionai inta«aon with one another in an 
anflbodyantigen complex. Selective labeling of DNA termini, on the other harKJ, permits the accurate 
positioning of opposing labels such that collisional interactions are allowed, or static Interactions intensified, 
by all labels in hybridized probe strands. 

The data in Tables 3 and 4 also point out the necessity to propwriy choose tiw manner in which labels 
are attached to DNA In ttie example where fluorescein Is placed on the 3'-tBfmfnus and pyrenelxjlanoale is 
placed on the S'^emilnus, little if any label interacflon is observed white considerable interaSon is detected 
where fluorescein is placed on ttie 5'-terminus mvi pyrwie is placed on flw S'-temilnus. This was obsenred 
with homopolymer oBgomers as well as restriction enzyme digested plasmid DNA The difference in label 
placement relates to the different cJwmisWes used in attaching DNA to ttw two dtfferent termini, the SMabel 
being attached via an aminohexylaminoadenosine linker aim while ttie 5'-label was aBachad via an 
etiiylanediamine linker. 



D. Competitive Assays 

The reagent probes of the present invention were applied to competitive DNA assays. The pre^ 
hybridization procedure is typical for probes Including 5'-fluorescdn-dAa and tfT,r5ulfortiodamine-3' homo- 
polymers. 

Reference is made to Rgure 7, in which solutions of probes and target DNA were mixed. TTie probe 
concentiBtion was fixed at 0.1 nM and target concentration varied between none to JS aM. Probes were 
mixed with target DNA. sufficient vrater, and a buffer to prowde final concentrations of I.OM sodium chtoride 
and 0.0I-0,02M potassium phosphate (mondjasic) at pH 7.5 to form a hybridization soluti'on. TTie Kilutions 
were heated to 65°C for 15 minutes in a water bath to insure complete dehybridiz^on of terget mid protx 
DNA. The ^mples were next cooled to IO"C for two hours to allow competitive hybridization to occur. 
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Figure 7 illustrates the relatlpnship in graphical form of fluorBK»nt intensity In relative units versus 
wavelengths various concentrations of target strands with a fixed concentration of I0~' molar probe 
duplex consisting of fluorescein isothioc/anats (fluorescein) Isijeled deosc/adsnosine homopolymer mid 
sulforhodamine sulfonic add chloride (suHorhodamlne) labeled deoxythymidlne homopolymer of 12 base 
5 length. All samples ware illuminated with light energy of 300 nm. 

The peak fluoresent activity, at the ^jproximate wavelength of 520 nm, varies with the change in 
concentration of target homopolymers of deoxyadenosine and deoxythymidlne of twelve base length. 

Figure 8 descrBjes the relationship of fluorescein emissions to the concentration of target The points of 
the graph of Rgure 8 are the peak values of the graph of Rgure 7, using fixed concentration of probe. As 
. to target concentration inaeases, tl% amount of fluorescein quenching, by suHortKxianiine decreases and 
fluorescein emissions increase. 

The hybridization data presented previously for the 5'-fluorescein-dAo'dTB-pyrenebutanoate-3' system 
served to demonstrate the cmrcept of a competitive DNA hybridization assay baaed upon Interacting labels. 
To be a useful assay system, however, the technique must t» shown to be specific and sensitive, 
rs The data in Rgures 9 through 12 serve to demonstrate these aspects of the label interactim assay. 
Label specificity is demonstrated in Figure 9 uang a duplex probe, the first dAio:dTi<i derived probe listed in 
Table 3. 

In this experiment, 50 nM solutions of probe were mixed wl«i various concentrations of three different 
target DNAs in water, WgeX consisted of equimolar amounts of dA» and dT», the appropriate target for 

20 hybridization with the probe. The two noncomplementary targets were calf thymus DNA and lambda phage 
DNA. The samples were heated for six minutes In a boiling water bath and allowed to cool to room 
temperature. Tfie samples were then diluted In half witii 2X concentrated binding buffer to give final NaGI 
and potassium phosphate concentrations of 100 mM and 10 mM, respectively, at pH 7.5. Room temperature 
fluorescence spectra were recorded for each sample shortly thereafter. 

25 The fluorescence intensity data plotted in Rgure 9 shows the expected concentration dependent 
behavior for a competitive hybridization when the correct target DNA (dAa:dTB.) was employed. Target DNA 
concentrationa are plotted in terms of base pairs since different molecular weight targets were employed. 
The corresponding base pair concentration of labeled probe duplex included in each s^ple was I uM (50 
nM duplex probe). The mWpoint for fluorescence change occunwJ at about \2 atA dA»:dT» which is ctose 

30 to the value of 1 uM expected for a competttlve hybridization in which complementary target strands have 
the same affinity for each other as they do for complementary probe strands. The data collected using the 
noncomplementary target DNA (caH thymus and lambda DNA) show that the proto Is specific for the 
dAn:dTi, target DNA since excess noncomplementary DNA does not prevent complementary probe strands 
from hybridizing to one another. 

35 Hybridization assay sensitivity was demonstrated by performing competitive hybridizations at lower 
probe concentrations. Data obtained from competitive hybridizations using the labeled dA»:dT)D probe at 
500 pM, SO pM, and 5 pM concentrations is presented in Rgure 10. In these experiments probe was mixed 
wrth target DNA In buffer containing 100 mM NaCI and H) mM potassium phosphate at pH 7J5. The samples 
were then heated to 80°C for 10 minutes at which time Uie temperature was allowed to decrease to 20°C at 

40 a rate of 5 degrees per hour. This was accompltshed using a computer continued water bath. Ruoresc^n 
emission was then measured for each sample at 20°C. The characteristic sigmoldal dependence of 
fluorescein wnlssion irrtenslty as a function of target concentration was c*Mn«l at each probe concentra- 
tion and tiie midpoint of the fluorescence intensity chwge oa»irred si lower tar^t concentrations for 
assays u^ng lower probe concentrations. For ttia assay series using the lowest probe concentration, 5 pM 

*6 probe, the mldfwlnt for fluorescence change was atraut 20 pM target Samples used in ttiese experiments 
were I mi in volume since standard semimicro fluorescence cuvettes were employed. This corresponds to 
20 fmole of target DNA. DNA hybridiz^ons by other techniques are often performed using volumes in the 
vicinity of 10 ul. Sample cells can be devised for fluorometers which permit similar volumes to be used and 
would therefore result in about a 100-fold increase in sensiflvfty to 200 amole for the midpoint of tiie 

50 fluorescence change. A large inaease in sensitivity is not exposed by reducing tiie probe concsnt'ation 
further since in the present exprariment ttie maximum fluorescence change using 5 pM prot» was 
approximately tiie same magnitude as tiie buffer fluorescence; In other words the signal-to-nolse ratio was 
equal to one. Buffer background is subtracted from the data presented in Rgure K). 

One method which allows an increase in assay sensitivity is to emptoy multiple probes which hybridize 

55 to different regions of the genome(s) of interest Two approaches to tiiis were examined. In the first 
approach, multiple duplex probes were prepared from natural DNA by ttie use of resWction enzymes. The 
neomycin phosphotransferase gene was Inserted Into a pSP65 plasmid (Promega Biotech, Madison, 
Wisconsin) and ttie plasmid propogated in Escherichia coll . Several milligrams of the plasmid were then 
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Isolated from £2| cultures and the plaanfd DMA pro<»s^ with two restriction enzyme, Alu 1 and Haa 
flL This produced approximately 37 blunt end duplexes per plasmid, t^fng in size from about 6 base pairs 
to BOO base pairs (from DNA sequence ^alysis). The coltectton of duptem was then latJsM i^ng the 
usual 5'-and S'-labeling techniques as performed when labeling the dA»:dT» probes. The neomycin 
5 phosphotransferase gene was rot first is(M^ free from the pSPSS plasmid, as would generally to dedred, 
In order to simplify this initial study. Several labeled preparattons of this restrit^on cut plasmid are listed in 
Tabteg. 

Figure II presents data from a competitive hybridlzaliOT p^lormed using tire first plasmid pre(»rtf on 
listed in Table 3 to probe various cxxicentntfons of uncut pSP85 pl^mid containing the neomycin 
10 phosphotransferase gene. The plasmid pnH» was present at a concentr^iai which ojnresporided to 2.7 pM 
of whole plasmid (100 pM of total labeled duplex^). Probe arKi tan^ DNA in water were placed in a boiling 
water bath for 12 minutes and then allowed to cool to room tempwalure vvith the aldition of 2X concentrated 
bmding buffer to bring the final ItoCI and potassium pfw^jhate concentraBons to I M and 10 mM, 
reflectively. 

TS Rumest^n ffinis^on was recorded at various times for ea^ sample. Data plotted in Figure II 
con'esponds to fluoresi^nce me^ured at 1.5 and 5 hours as indicated. Both sets of fluor^cence values are 
shown to otecrease with Increa^r^ target concenU'sion as e)q)ected. 

The target concMaUon range studied was not large enough to show the full range of fluomscance 
variation with temperature, however, the assay does display sen^lty to at least several picomoles which 

20 corre^onds to the ccme^nding concentrmion of probe used in this assay. In a hypothetical 10 ui sample, 
several picomolar target corresponds to about 30 amole. Fluorescein emission intensity was more an 
order of m^rritude greater than bacl<ground flu(K8Scence in this experiment 

Hybridizations are expected to be difficult for a heterogeneous population of proljes with regard to 
probe length and the consequential wide range of meltir^ temperatures resulting from random restrictiqn 

zs presentation of pla^ids. It would be beneficial, therefore, to use careful selecfioi of restriction enzymes to 
produce as homogeneous sized probe population as possible. New restriction sites may be engineered into 
the genome in order to produce such a homogeneous population from cloned DNA. 

Turning now to Figure 12, which sets forth an assay for i. ^ enterotoxin gene, targrt DNA, composed 
of the entorotoxin gene fragm«Tt of approximately nOO base pair length, was mix»J with 14 ug of lambcto 

30 DNA (canier DNA) in 700 tU of buffer containlr^ I mM EDTA and K) mM THIS at pH 7.5. This solution was 
placed in a boiling water bath for 12 minutes after which time ttie duplex prote DNA, identified in Table 3 as 
TOXIN," was added and tiie solution placed bade in the boiling water batti for an additional 2 minutes. The 
solution was tiien added to 700 ul of 2X NaCI/phosphate buffer In a fluorescence cuvette contained within 
tiie tiremiosti'ated cuvette holder of the fluorometer and maintained at 42°C (25 degrees below the probe 

3S melting temperature). The final sample concentrations of lambda DNA, sodium chloride, and potassium 
phosphate were 10 ug/ml, I M, and .01 M, respectively. 

FiuorescenGe Intensity was measured 'n a different manner than in previous experiments. The 
fluorescence values were recorded continuousty witti time by tiie use of a computer interfaced to the 
detector electronics (see Materials and MetiKids section). The date collected in this manner is plotted In 

40 Rgure 12 tor samples containing various concentrations of enterotoxin targeL By recording initial and final 
fluorescence values, a fluorescence change is obtained which Is independent of bacicground light levels 
which may be variable between samples. The data tiaces in Rgure 12 have bean offset so ttiat each set of 
data contains the same initial fluorescence values. The effect of this is to cancel out tiie background 
variation from sample to sample. The fluorescence change of each sample is related to the amount of target 

46 DNA present The lowest target concentiation detectable Is shown to be 4 pM. A hypothetical 10 ul sample 
would, iierafofB, contain 40 amole erf target at titis concentration. A secmd advantage of recwflng itta 
fluore^^ce intensity continuously witti time is ttiat shorter hybricfization times may be used sii^ tiie time 
dependence of the fluorescence changes may be fit by (dnetic equations which would allow extrapolation of 
date to equilibrium values. The relative degree of fluorescence changes may tte differentiated at times 

50 under two hours for tiie experiment stiown in Rgure 12. 

Although tiie foregoing examples recite Individual fluorophores, tiie present invention would be ap- 
plicable to otiier amine reactive fluorophores and chsmilumlnescent agente. Amine-reaotive fluaraphores 
include, by way of example, Oie aforementioned fluorescein, pyrene, acndine, sulfortiodamine, eosin, 
erytiirosin, and derivatives tfiereof. Amine-reactive chemlluminascent agente include, by way of example, 

55 microperoxidase, iuminol, Isoluminol, glucose oxidase, acridinium esters, and derivations tiiereof. 
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Chemiluminescsnt agents can be applied to the present assay in conjunction with a fluorophore in 
which the chemiluminescent label moiety of a probe would intefact with a fluorophore of a second 
complementary proto. The fluorophore would quench the ©missions of the chemiluminescent agent until 
the latffll moieties separate. Suitable chemiluminescent cofortors would be applied to the sample medium 

5 to initiate light-emitting reartions. As target competed for binding sites with prc*es, label moieties would be 
separated allowing the chemiluminescent agent or moiety to be unquenched. and capable of generating a 
signal that could be detected. 

A chemiluminescent agent could also be applied to the present Invention in conjunction with 
chemiluminescent cofactors. Thus, a ciiemilumlnescent iatral moiety of a first probe would interart with a 

10 chemiluminescent oofactor label moiety on a second complementary probe. The system would emit ilgiit of 
a particular intena'ty. Where target is presKit, target would compete with pr(^, thereby separating the 
first and second probes and the lat»l moieties and raJudng the light emission of the system. 

Fluorophore labeled proties may be utilized In time resolved assay procedures to limit bacl«ground 
fluoresence. Thus, a light pulse may be introduced at a wavelength sufficient to excite a first fluorophore. 

is The first fluorophore transf^ the energy to a second fluorophore. The transfer of energy from a first 
fluorophore to a second fluorophore and the emission of the energy by the second fluorophore is a slow 
process relath/e to direct fluorescence. The first fluorophOTe can be selected to have a long emissim hal^ 
life to prolong the energy ttansfer process. The sample can be monitored for the light energy from the 
second fluorophore after the puise, after direct fluorescent activity initiated by the pulse had terminated and 

20 during the interval in which transferred energy would be emitted by the second fluorophore. Only 
fluorescent groups in a position to transfer energy would produce emission which would be monitor^. Only 
label moieties of complementary probes in a position to interact would have detectable signals thereby 
reducing background emission. 

Thus, the present invention features a homogeneous nonradioactive assay. Due to the homogeneous 

2s nature of the present assay, assays can be performed within shorter times. The use of nonradioactive labels 
allows the assays to be pertonned without special pemilts and simplifles assay techniques Snd manufactur- 
ing techniques. 

Thus, while preferred embodiments have been illustrated and described, it is understood that the 
present inv^'on is capable of variation and modification and, theratore, should not be limited to tiie precise 
30 details set forth, but should Include such changes and altera tions tiiat fall within the purview of the following 
claims. 



Claims 

35 

1, A method for assaying a sample for target polynucleotides comprising: 

(a) contecting sample with reagent under binding conditions wherein said reagent includes a first 
polynucleotide probe and a second polynucleotide pn^, said first and second probes capable of assuming 
a first position wherein said first and second probes are bound to each other and at least one of said probes 

40 capable of assuming a second position wherein said probe sfa'and is t»und to said target, said first probe 
and second probe including a first label moiety asmiated witti one of probes and including a second 
label mcriety associated wHh said opposite probe, said first and second label moieties capable of Interacting 
when said first and second probes ^e bound to eadt\ other to produce a signal capable of detection 
characteristic of the probe in one of said two positions. 

45 (b) mcOTltoring said sample for said signal, the presence of which is related to tiie present of target 

in said sample. 

2. The method of Claim I wherein said first label moiety Is located at the 3'-terminus of one of said 
probes and said second lat»l moiety is located at tire S'-terminus of the said opfxisite probe, 

'3, The metiiod of Claim 1 or Claim 2 wherein each probe has a plurality of l^iel moieties. 
50 4. The method of any preceding claim wherein each such label mdety is located at tiie termini of said 
probes. 

5. The metiiod of any F»'eceding claim wherein said first label moiety is assodated to said probe by an 
aminoalkyl derivative of a rwclelc acid. 

6. The method of Claim 5 whsrain said derivative includes an aminoalkyl derivative of adenine. 
55 7. The metiiod of Claim 6 wherein said derivative Includes an aminohexyl derivative of adenine. 

8. The metiiod of Claim 6 wherein said derivative Includes 8-(6-aminohexyl)-aminoadenosine-5'- 
monophosphate. 
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9. "nre method of any of Claims 1 to 7 wherein said label moiety at the 3' terminus is a fluorescwU 
derivative of a nucleic add. 

. 10. The method of Cto'm 9 wherein the label moiety includes a derivative of l-N*-et)enoadenosine-5'- 
mono|Aosphate. 

5 1 1. A method for asaxaating an amine-reactive moiety to the 3'-terminus of a polynucleotitfe compris- 
ing: 

(a) reacting said polynucleotide wHh an aminoaJicyl derivative of a nucleic sa'd in the {v^efK» of the 
enzyme terminal transferase undo' reacting conditions. 

(b) reacting the amino gn^up of the aminoalkyi d^i^rative with said snin&-reacttve moisty. 

70 12. The method of Claim 11 wherein said aminoalkyi derivathre incluctes an aminoalkyi derivative of 
adenine. 

13. The method of Claim 11 or Claim 12 wherein saM aminoalkyi derivative is a ribonucleotide. 

14. TTie method of any of Claims 11 to 13 wherein said aminoalkyi derivafive Includes 8-(e-aininohexyl)- 
aminoadenoine-5'-tripho^)hate. 

TS 15. A method for f»eparing polynucleotide protes including a first probe and second pmbe, said fir^ 
and seomd probes capable of assuming a first p(^ai wh^ln ssid fi^ prot» is bound to said ^ctXKl 
probe and a second posflon whertin at least one of said («<Am is bnmd to a t^get, comprising: spSdng 
polynucteotide segments having base sequences subsMially identical to said target sequences into 
amplification meaifs to form multiple copies of said polynucleotide segments, isolatir^ said segments, and 

20 assoaating label moietiss to the termini of the segments to form probes. 

16. TTie method of Qaim 15 wherein ampacalion means indude plaankJs and phage particles. 

17. The method of Claim 15 or Claim 16 wherein said s^ments, after isolation, are subjected to 
restriction digestion to fbmi further subsegments, and said subsections are ^sxiated with said lab^ 
moieties to form probes. 

zs 18. The method of any of Claims 15 to 17 wher^n a said first label moiety is associated with the 3'- 
tennini by reacting sad segments with an aminoalkyi derivative of a nudwtide in the presence of tenninal 
transferase under reacting conditions, and reacting saM aminoalkyi group with a label moisty. 

19. The method of Claim 18 wherein a secorKJ label moiety is associated with the 5'-termini by reacting 
said segments with a bilurtctional alkyi amine to fonn a segment with an amino alkyi group and thereof 

30 reacting a second label moiety wfth said amino alkyi group. 

20. A kit for assaying a sample for target polynucleotides comprising reagent, wherein saki reagent 
includes a first polynucleotide probe and a second polynucleotide probe, said first and second probes 
capable of assuming a first positkm wherein said first and second probe are txiund to each other and at 
least one of said probes capable of assuming a second po^on wherein said probe strand is bound to said 

35 target said first probe and second protie including a first label moiety 8ss(x^atBd witii one of said probes 
and including a second label moiety assodatad with said ofi^X)^ (m^, said first and second lat>el 
moieties capable of interacting when said first and ^ccrnd probes are bound to each other to imduce a 
agnal capable of detecticm whkdi is characteristic of the p-obe in one of said two positions. 

21. The kit of Claim 21 wherein at least era or saM probes and/or label moieties Is as defined In aiy of 
40 Claims 2 to 9. 

22. An appaiato for perfbm\ing homogenous competitive assays for [wlynudeottde targete In a 
sample, 

chamber means adapted for receiving reagent and sample, whmein said reagent Includes a first piobe 
and a second probe which are capabto of assuming a first position wherein ttie first probe is bound to said 
45 second probe; 

a second position wherein at least one of said probes Is bound to said target said probes having at tesst 
one label moiety associated witti one probe and a second label moiety associated with said opposite prabe, 
said first and second label moieties capable of interacting when said probes are in said first posltiwi to 
produce a signal upon axcitab'on of one of said label moieties which signal is indicative of one of said 
so positions: 

means for exciting one of said latiel moieties: 
and 

means for detecting said signal. 

Z5. The ^jparatus of Ci^m 22 wtverein s^d label mdeties are fluorophores and ^d means for exdting 
55 one of sa'd label mdeties indude a light source. 

24. The ^^m&j$ of Claim 22 wherein at least one of said label mdeties is a chenithiminest»nt agent 
and said me^ for earating one of said label moieties indude means for introdudng chemllumlnescent 
coMors into diamber. 

22 



0 232 967 

25. The apparatus of any of Cl^ms 22 to 24 wherein said detection means include a light detector. 

6 
70 
75 
20 
25 



35 
40 
45 



23 



0 232 967 



COMPETmVE DNA ASSAY 

SAMPLE \ / 

® @ 



V3 ffVa 



t.MELT 



■ T. 



® @ 



2. ANNEAL T, 





hy^ 



@ ® 



FIG.Z 




FIG.3 



OUPLEX PHOBES FROM CLONED DNA 




DUPLEX PROBE END LABELING 



.OH 



O 

I I I I tt 

ir 

ETHYLENEDIAMINE 
CAFBODIIMIDE 



OH 



AHA-ATP 

T£F\MINAL TFANSfEBASS 



ACTtvATeo nocmopfme. (o) 



si/ 



0 232 967 




MELTtUQ CURVE dA/g, dTig. 
0./9r- ~~ 




T£MP£ffATURE ("C) 



0 232 967 




HYBWDUATIOH ASSAY -/o'^M PROBES 




[dAf^'^r^J CM) 



0 232^ 




0 232 967 




COMPETITIVE ASSAY 
USING FLUORESCEIN 'PLASMID'PYf^ENE 




0 232 967 




